Early Blue Excess from the Type Ia Supernova 2017cbv and Implications
  for Its Progenitor by Hosseinzadeh, Griffin et al.
The Astrophysical Journal Letters, 845:L11 (8pp), 2017 August 20
Preprint typeset using LATEX style AASTeX6 v. 1.0
EARLY BLUE EXCESS FROM THE TYPE Ia SUPERNOVA 2017cbv
AND IMPLICATIONS FOR ITS PROGENITOR
Griffin Hosseinzadeh1,2, David J. Sand3,4, Stefano Valenti5, Peter Brown6, D. Andrew Howell1,2,
Curtis McCully1,2, Daniel Kasen7,8, Iair Arcavi1,2,11, K. Azalee Bostroem5, Leonardo Tartaglia3,4,5,
Eric Y. Hsiao9, Scott Davis9, Melissa Shahbandeh9, and Maximilian D. Stritzinger10
1Las Cumbres Observatory, 6740 Cortona Drive, Suite 102, Goleta, CA 93117-5575, USA; griffin@lco.global
2Department of Physics, University of California, Santa Barbara, CA 93106-9530, USA
3Department of Astronomy/Steward Observatory, 933 North Cherry Avenue, Rm. N204, Tucson, AZ 85721-0065, USA
4Department of Physics & Astronomy, Texas Tech University, Box 41051, Lubbock, TX 79109-1051, USA
5Department of Physics, University of California, 1 Shields Avenue, Davis, CA 95616-5270, USA
6Mitchell Institute for Fundamental Physics and Astronomy, Texas A&M University, College Station, TX 77843-4242, USA
7Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720-8169, USA
8Departments of Physics and Astronomy, University of California, Berkeley, CA 94720-7300, USA
9Department of Physics, Florida State University, 77 Chieftain Way, Tallahassee, FL 32306-4350, USA
10Department of Physics and Astronomy, Aarhus University, Ny Munkegade 120, DK-8000 Aarhus C, Denmark
(Received 2017 June 27; Revised 2017 July 31; Accepted 2017 August 2; Published 2017 August 14)
ABSTRACT
We present very early, high-cadence photometric observations of the nearby Type Ia SN 2017cbv. The
light curve is unique in that it has a blue bump during the first five days of observations in the U ,
B, and g bands, which is clearly resolved given our photometric cadence of 5.7 hr during that time
span. We model the light curve as the combination of early shocking of the supernova ejecta against
a nondegenerate companion star plus a standard SN Ia component. Our best-fit model suggests the
presence of a subgiant star 56R from the exploding white dwarf, although this number is highly
model-dependent. While this model matches the optical light curve well, it overpredicts the observed
flux in the ultraviolet bands. This may indicate that the shock is not a blackbody, perhaps because
of line blanketing in the UV. Alternatively, it could point to another physical explanation for the
optical blue bump, such as interaction with circumstellar material or an unusual nickel distribution.
Early optical spectra of SN 2017cbv show strong carbon (C II λ6580) absorption up through day −13
with respect to maximum light, suggesting that the progenitor system contains a significant amount
of unburned material. These early results on SN 2017cbv illustrate the power of early discovery and
intense follow-up of nearby supernovae to resolve standing questions about the progenitor systems
and explosion mechanisms of SNe Ia.
Keywords: supernovae: general — supernovae: individual (SN 2017cbv)
1. INTRODUCTION
Type Ia supernovae (SNe Ia) are the thermonuclear
explosions of carbon–oxygen white dwarfs and are stan-
dardizable candles vital for cosmological distance mea-
surements. Despite intense study, the progenitor sce-
narios and explosion mechanisms for these events are
still not understood, and may have multiple pathways
(see Howell 2011; Maoz et al. 2014, for reviews). The
two main progenitor pictures are the single-degenerate
(SD) scenario, where the white dwarf accretes material
from a nondegenerate secondary star (Whelan & Iben
1973), and the double-degenerate scenario (DD), where
two white dwarfs are present in the pre-supernova sys-
11 Einstein Fellow
tem (Iben & Tutukov 1984; Webbink 1984). However,
the details of both scenarios are still under investigation
(e.g., Pakmor et al. 2012; Kushnir et al. 2013; Shen &
Bildsten 2014; Levanon & Soker 2017).
The early light curves of SNe Ia are promising ways to
constrain the progenitor systems and the physics of the
explosion. For instance, the collision of the SN ejecta
with a nondegenerate companion star may manifest as
an early blue or ultraviolet (UV) bump in the light
curve, depending on the viewing angle (Kasen 2010).
Early temperature or luminosity measurements can di-
rectly constrain the radius of the progenitor (Piro et al.
2010; Rabinak et al. 2012); observed limits have con-
firmed that the exploding star must be a white dwarf
(e.g., Nugent et al. 2011; Bloom et al. 2012; Zheng et al.
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2013). Recently, Piro & Morozova (2016) explored how
early SN Ia light curve behavior depends on the amount
and extent of circumstellar material (CSM) and the dis-
tribution of 56Ni in the ejecta, which is expected to vary
considerably with the location(s) of ignition in the pro-
genitor. Finally, different explosion mechanisms may
also produce distinct early light curves (Noebauer et al.
2017).
Very early SN Ia light curve observations are becoming
more common, and recent studies have shown that they
display a range of early behaviors (Hayden et al. 2010;
Bianco et al. 2011; Ganeshalingam et al. 2011; Brown
et al. 2012a; Zheng et al. 2013, 2014; Cao et al. 2015;
Firth et al. 2015; Goobar et al. 2015; Im et al. 2015; Mar-
ion et al. 2016; Zheng et al. 2017; Shappee et al. 2016b).
iPTF14atg (Cao et al. 2015) and SN 2012cg (Marion
et al. 2016) both showed early, UV/blue excesses in their
light curves. iPTF14atg was an SN 2002es-like event,
which are subluminous, do not follow the Phillips (1993)
relation, have low velocities, and show Ti II absorption
(Ganeshalingam et al. 2012). Cao et al. (2016) found
that the UV excess in iPTF14atg was consistent with the
SN ejecta interacting with a companion star, although
Kromer et al. (2016) find the SD scenario incompatible
with the observed spectral evolution. In SN 2012cg, a
normal SN Ia, the early blue bump was again interpreted
as a signature of ejecta–companion interaction, consis-
tent with a 6M main-sequence companion 29R from
the white dwarf, using the Kasen (2010) formulation.12
However, Shappee et al. (2016a) find that other probes
of the progenitor system do not support the SD inter-
pretation for SN 2012cg.
Here, we present the early light curve and spectra of
SN 2017cbv, which show a clear blue excess during the
first several days of observations. This excess may be
a more subtle version of that seen in SN 2012cg and
iPTF14atg, but seen more clearly here thanks to denser
sampling.
2. OBSERVATIONS AND DATA REDUCTION
SN 2017cbv (a.k.a. DLT17u) was discovered on MJD
57822.14 (2017 March 10 UT) at a magnitude of R ≈ 16
by the Distance Less Than 40 Mpc survey (DLT40;
L. Tartaglia et al. 2017, in preparation), a one-day ca-
dence SN search using a PROMPT 0.4 m telescope
(Reichart et al. 2005), and was confirmed by a sec-
ond DLT40 image during the same night (Valenti et al.
2017). Our last nondetection was on MJD 57791. The
SN is located on the outskirts of the nearby spiral
galaxy NGC 5643. Within hours of discovery (MJD
12 Note that the models of Kasen (2010) directly constrain the bi-
nary separation, not the companion mass. Masses can be inferred
by assuming the companion is in Roche lobe overflow and applying a
mass-radius relationship.
57822.7), the transient was classified as a very young
SN Ia with the robotic FLOYDS spectrograph mounted
on the Las Cumbres Observatory (LCO; Brown et al.
2013) 2 m telescope in Siding Spring, Australia (Hos-
seinzadeh et al. 2017).
UBVgri follow-up observations were obtained with
Sinistro cameras on LCO’s network of 1 m telescopes.
Using lcogtsnpipe (Valenti et al. 2016), a PyRAF-
based photometric reduction pipeline, we measured
aperture photometry of the SN. Because the SN is bright
and far from its host galaxy, image subtraction and PSF
fitting are not required. Local sequence stars were cali-
brated to the L101 standard field observed on the same
night at the same observatory site using UBV Vega
magnitudes from Stetson (2000) and gri AB magnitudes
from the SDSS Collaboration (2016).
The Swift satellite began observing SN 2017cbv on
MJD 57822.52. Ultra-Violet Optical Telescope (UVOT;
Roming et al. 2005) photometry is given in the UVOT
Vega photometry system using the pipeline for the Swift
Optical Ultraviolet Supernova Archive (SOUSA; Brown
et al. 2014) and the zeropoints of Breeveld et al. (2010).
Smaller hardware windows were used in the optical near
maximum brightness in order to reduce coincidence loss
and measure brighter magnitudes without saturation
(Poole et al. 2008; Brown et al. 2012b). A few U - and B-
band observations on the rising branch were saturated
and are excluded.
Finally, we obtained absolute magnitudes by applying
the distance modulus, µ = 31.14 ± 0.40 mag (16.9 ±
3.1 Mpc), of Tully (1988) and the Milky Way extinc-
tion corrections, E(B − V ) = 0.15 mag, of Schlafly &
Finkbeiner (2011). We assume no additional host galaxy
extinction, given the SN’s position in the outskirts of
NGC 5643 and a lack of narrow Na I D absorption in
high-resolution spectra (D.J. Sand et al. 2017, in prepa-
ration).
Our photometry is shown in Figure 1. By fit-
ting quadratic polynomials to the observed light curve,
one around peak and one around +15 days, we find
that SN 2017cbv reached a peak magnitude of B =
11.72 mag (MB = −20.04 mag) on MJD 57841.07, with
∆m15(B) = 1.06 mag. The decline rate of SN 2017cbv
is near the average for normal SNe Ia (see, e.g., Fig-
ure 14 of Parrent et al. 2014). The peak absolute mag-
nitude appears to be on the bright end of SNe Ia (Par-
rent et al. 2014), but this is uncertain due to the poorly
constrained distance to NGC 5643. All figures use MJD
57821 as the nominal explosion date (see §4).
3. LIGHT CURVE MORPHOLOGY AND FITTING
The very early light curve of SN 2017cbv shows a
prominent blue bump in the U , B and g bands dur-
ing the first five days of observation, also visible in its
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Figure 1. UV and optical photometry of SN 2017cbv, in absolute and extinction-corrected apparent magnitudes. The left panel shows a bump in
the early U-band light curve. (The data for this figure are available.)
U − B and B − V colors (Figure 2). This indicates a
high-temperature component of the early light curve in
addition to the normal SN Ia behavior.
There are several possibilities for the origin of the early
light curve bump (see §5 for a discussion), but here we fit
the analytic models of Kasen (2010) for a nondegenerate
binary companion shocking the SN ejecta, as might be
expected from the SD scenario. While in reality such
a collision would be highly asymmetric, we use Kasen’s
analytic expressions for the luminosity within an opti-
mal viewing angle. By further assuming that the shock
consists of a spherical blackbody, Kasen arrives at the
following equations for the photospheric radius and ef-
fective temperature13:
Rphot = (2700R)x1/9κ1/9t7/9 (1)
Teff = (25,000 K)a
1/4x1/144κ−35/144t−37/72 (2)
where a is the binary separation in units of 1011 m
(144R), κ is the opacity in units of the electron scat-
tering opacity (we fix κ = 1 in our fits), and t is the time
since explosion in days. In addition, we define
x ≡ M
MCh
(
v
10,000 km s−1
)7
, (3)
where M is the ejected mass, MCh = 1.4M is the
Chandrasekhar mass, and v is the transition velocity
13 Equation (2) corrects the exponent on κ in Kasen’s Equation (25).
between power laws in the density profile.
Our light curve model is the sum of the SiFTO tem-
plate (Conley et al. 2008) to account for the normal
SN Ia emission, and Kasen’s shock model to account for
the blue excess. We scale each band of the SiFTO tem-
plate independently. In the U , B, V , and g bands, we fix
the scaling factor to match the observed peak. In the r
and i bands, we leave the scaling factor as a free param-
eter in order to account for any contribution from the
shock in those bands around peak (predicted for some
combinations of parameters). We also allow the time
of B-band maximum light and the stretch (Perlmutter
et al. 1997) of the SiFTO template to vary.
In total, we have eight parameters:
1. The explosion time;
2. The binary separation, a;
3. x ∝Mv7 (Equation (3));
4. A factor on the r SiFTO template;
5. A factor on the i SiFTO template;
6. The time of peak;
7. The stretch; and
8. A factor on the shock component in U (see below).
We fit this combined model to our UBVgri light curve
from LCO using a Markov Chain Monte Carlo routine
based on the emcee package (Foreman-Mackey et al.
2013). We cannot include the Swift data in the fit due
to a lack of early UV SN Ia templates. In addition to
the photometric uncertainty, we add a 2% systematic
4 Hosseinzadeh et al.
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Figure 2. Milky Way extinction-corrected ultraviolet and optical colors of SN 2017cbv, compared to SN 2011fe (Zhang et al. 2016) and SN 2012cg
(Marion et al. 2016). The colors of the subluminous SN Ia iPTF14atg are quite different than colors of the other events (Cao et al. 2015), so they
are not shown. All Swift photometry is from SOUSA (Brown et al. 2014). Open circles indicate V − R, B − I, and R − I colors that have been
converted to g− r, B − i, and r− i, respectively, using the transformations of Jordi et al. (2006). Note the unusually blue U −B and B − V colors
of SN 2017cbv during the bump (one to five days after explosion).
(0.02 mag) uncertainty in quadrature as an estimate for
our calibration uncertainties. For each of our observa-
tions, we find the expected Rphot and Teff at that time,
calculate the corresponding average Lν in each filter,
and compare that to our measured Lν .
One caveat to our approach is that the SiFTO tem-
plate may not describe the early light curve behavior of
normal SNe Ia correctly in all filters. Given the small
number of events observed 10–20 days before peak, re-
liable templates do not exist at these phases. However,
we are encouraged by the fact that our SiFTO-based
results qualitatively agree with other template fitters
that we experimented with—SALT2 (Guy et al. 2007),
MLCS2k2 (Jha et al. 2007), and the observed light curve
of SN 2011fe (Zhang et al. 2016)—even at these early
times.
We find that the SiFTO+Kasen model provides an ex-
cellent fit to our ground-based data (reduced χ2 = 8.6
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Figure 3. Best-fit model (solid lines), consisting of an SN Ia template
(Conley et al. 2008) plus a companion shock component from Kasen
(2010), to the ground-based light curve of SN 2017cbv. The dashed
lines show the best-fit model with the companion shock subtracted.
The model provides a good fit to the early light curve bump, but
the shock model alone (dotted lines) overpredicts the early UVW1 to
UVW2 luminosity.
after including our 2% calibration uncertainty), cor-
rectly predicting the blue bump at early times (Figure 3,
top). Although at first glance our light curves do not
look peculiar in the redder bands, emission from the
shock model several weeks after explosion contributes
to the observed luminosity around peak. Specifically,
our best-fit model indicates that 5% and 15% of the r-
and i-band peak luminosities, respectively, come from
the shock component.
The best-fit binary separation is 56R, implying a
stellar radius of ∼ 20R (assuming Roche lobe over-
flow; Eggleton 1983). 56R is among the largest binary
separations for SD SN Ia progenitors from binary popu-
lation synthesis calculations (Liu et al. 2015). However,
this value is quite sensitive to the early color evolution
of our SN Ia template. As these templates may not
be valid 15–20 days before peak, this result should be
treated with caution. Furthermore, our simplified spher-
ical model ignores the degeneracy between binary sepa-
ration (a) and viewing angle; a bright (large a) off-angle
shock looks similar to a faint (small a) shock along the
line of sight.
Given the strong dependence of x on the transition
velocity (∝ v7), which is not observable, we cannot ro-
bustly estimate the ejecta mass. However, taking our
best-fit value of x = 3.84 ± 0.19 and assuming a Chan-
drasekhar mass of ejecta, we find a reasonable transition
velocity of v ≈ 12000 km s−1 (subject to uncertainty
in the distance modulus). The best-fit explosion time
is MJD 57821.9, about 7 hr before discovery, and the
best-fit time of B-band peak for the SiFTO component
is MJD 57840.2. The best-fit stretch from the SiFTO
template is 1.04.
Despite the success of the binary companion shock
model in the optical, we required a scaling factor of 0.61
on the U -band shock component in order to fit the data.
The UVW1, UVM2 and UVW2 emission are even fur-
ther overpredicted by the shock model (Figure 3, bot-
tom). We discuss the potential causes of this discrep-
ancy in §5.
4. EARLY SPECTRA
We obtained several additional optical and near-
infrared (NIR) spectra of SN 2017cbv with FLOYDS
and the SpeX NIR spectrograph (Rayner et al. 2003)
at the NASA Infrared Telescope Facility, a selection of
which are presented in Figure 4. As the event is ongoing
at the time of publication, the full data set and analysis
will be presented elsewhere (D. J. Sand et al. 2017, in
preparation). In summary, the spectrum of SN 2017cbv
greatly resembles the spectrum of SN 2013dy (Zheng
et al. 2013) during the two weeks before maximum
light, with Si II and Ca II absorption features weaker
than the prototypical Type Ia SN 2011fe but stronger
than the somewhat overluminous SN 1999aa (Garavini
et al. 2004). Despite the spectroscopic similarity to
SN 2013dy, the light curve of SN 2017cbv declines
slightly faster: ∆m15(B) = 1.06 mag for SN 2017cbv
versus 0.92 mag for SN 2013dy (Pan et al. 2015).
We measure a Si II λ6355 velocity of 22,800 km s−1
in the initial spectrum of SN 2017cbv, 19 days be-
fore maximum light. The absorption feature just red-
ward of Si II could either be a lower-velocity compo-
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Figure 4. Top left: the smoothed −19 day spectrum of SN 2017cbv shows conspicuous carbon similar to SN 2013dy, which persists at least until
day −17. The −17 day spectrum is quite similar to the −16 day spectrum of SN 2012cg, which also showed an early blue bump in its light curve,
but not the −16 day spectrum of SN 2011fe. Top right: spectra of SN 2017cbv at −13 and −2 days are very similar to SN 2013dy at similar epochs.
Si II and Ca II are present and too strong to be SN 1999aa-like, but not as strong as in SN 2011fe. Bottom: NIR spectrum of SN 2017cbv in the
region of Paβ (marked by the vertical line) compared to a spectrum of ASASSN-14lp. The bottom panel shows the ratio of the two spectra, yielding
no evidence of narrow hydrogen emission from interaction with a companion star.
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nent (9400 km s−1) of the same line or C II λ6580 at
19,800 km s−1. We prefer the latter interpretation, as
(1) it correctly predicts the tentative position of C II
λ7234 in the same spectrum and (2) 9400 km s−1 would
be uniquely low among very early SN Ia spectra (Silver-
man et al. 2012). The detection of unburned carbon can
directly discriminate between the proposed SN Ia ex-
plosion mechanisms but is rarely seen in optical spectra
even at these early times (Parrent et al. 2011; Silverman
& Filippenko 2012), except for in super-Chandrasekhar
SNe Ia (Howell et al. 2006). In SN 2017cbv, this feature
disappears by day −13, reinforcing the need for early
spectroscopy to fully account for unburned carbon.
The Si II absorption feature at −13 days clearly
shows signs of two velocity components at 16,500 and
10,500 km s−1. It is likely that the earlier spectra of
SN 2017cbv are dominated by the high-velocity compo-
nent of Si II, but we cannot fully trace the transition to
low-velocity Si II due to our lack of FLOYDS spectra
between −13 and −2 days. We note that −13 days was
also the approximate epoch at which SN 2012fr, another
SN Ia with a prominent high-velocity Si II component,
began showing low-velocity Si II (Childress et al. 2013).
A similar multi-component velocity structure is evident
for the Ca II H&K feature in our pre-maximum spectra.
We fit the early velocity evolution of Ca II H&K and
the Si II high-velocity component (the only one we can
clearly identify at early times) to a t−0.22 power law, as
suggested by Piro & Nakar (2013) for finding the ex-
plosion time for SNe Ia. To do this, we mimicked the
methodology of Piro & Nakar (2014) and allowed the
power-law dependence to vary between t−0.20 and t−0.24
to estimate our uncertainties. This fit implies an explo-
sion on MJD 57821.0 ± 0.3, 1.1 days prior to discovery
and 0.9 days before the implied explosion time from our
binary shock + standard SN Ia model presented in §3.
If SN 2017cbv had an SD progenitor, we might expect
to see hydrogen in its late-time spectra (Mattila et al.
2005; Leonard 2007; Maeda et al. 2014). However, we
do not detect Paβ emission in an NIR spectrum taken
34 days after maximum light (Figure 4, bottom). Fol-
lowing the method of Sand et al. (2016), we calculate a
rough limit of . 0.1M of hydrogen by comparing to a
spectrum of ASASSN-14lp at a similar phase, although
this limit depends on the viewing angle.
5. DISCUSSION
The companion-shocking models provide a good fit to
our optical data, but not to our UV data. This dis-
crepancy is not likely to be a reddening effect (unless
the reddening varies very quickly with time) because
the UV luminosities around peak are not unusual for
SNe Ia. However, it could stem from several simplifying
assumptions in our model:
1. Blackbody: The analytic models assume a black-
body spectrum for the shock component. How-
ever, the observed spectral energy distribution
(SED) during the bump deviates significantly from
a blackbody spectrum in the UV (Figure 5). A
Swift grism spectrum taken during the bump is
similar to UV spectra of other SNe Ia, showing
significant absorption relative to a blackbody con-
tinuum (D.J. Sand et al. 2017, in preparation).
This UV suppression is likely due to line blanket-
ing (e.g., from iron lines). Any alternative model,
companion shocking or otherwise, will need to ac-
count for this deviation from a blackbody spec-
trum.
2. Constant Opacity: We fixed the opacity to be
that of electron scattering throughout the first 40
days of evolution, whereas in reality the opacity
should change over time as the ejecta cool. Opac-
ity and/or line blanketing that vary with time
could potentially explain the discrepancy between
the models and our UV data.
3. Density Profile: The shock models we quote here
assume a broken power-law density profile for the
ejecta: ρinner ∝ r−1 and ρouter ∝ r−10. The earli-
est emission, which should peak in the UV bands,
depends strongly on the density of the outermost
ejecta layers. In particular, a steeper density pro-
file could suppress the early luminosity.
4. Spherical Symmetry: In order to make the prob-
lem analytically tractable, we have ignored the
asymmetry that must be present in a binary sys-
tem. The analytic predictions are roughly equiva-
lent to numerical predictions for a favorable view-
ing angle (see Figure 2 of Kasen 2010). If in
reality we are viewing the collision off-axis, we
might invoke a larger binary separation, ejecta
mass, or ejecta velocity to match our observations.
However, 3D numerical modeling of the ejecta–
companion interaction would be needed to disen-
tangle the early SN color diversity from the angu-
lar dependence of the shock component’s color.
If the companion-shocking scenario is correct, but the
model is inaccurate in the UV, then the companion sizes
found by Marion et al. (2016) and Cao et al. (2015) and
the constraints of Brown et al. (2012a) would have to
be reevaluated. However, if the UV overprediction is
only due to line blanketing, which depends on temper-
ature, the models may be more susceptible to failure in
relatively low-temperature events. Alternatively, there
could be another cause of early bumps in the UV or
optical.
The observed bump could also be interpreted as a col-
lision with CSM, rather than a collision with a com-
panion star, as has recently been modeled by Piro &
8 Hosseinzadeh et al.
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Figure 5. Top: example SED of SN 2017cbv (three days after ex-
plosion) and two blackbody fits, with and without the Swift observa-
tions. Including these filters pulls down the temperature, but neither
blackbody spectrum is a good match to the data. Bottom: blackbody
temperature and radius evolution of SN 2017cbv during the first five
days after explosion, presumably when the shock component domi-
nates the light curve. The filled points use only UBVgri data, while
the open points include Swift photometry. Lines are best-fit power
laws, excluding the open points. The temperature evolution may not
be reliable, since the SED is not well-described by a blackbody, but
the radius evolution is well-constrained and close to what is expected
for the Kasen (2010) models (t7/9).
Morozova (2016). Kasen (2010) estimates that 0.01–
0.1 M of CSM would be needed for a significant ef-
fect, and that the material would have to be located at
distances comparable to the binary separation. Stellar
winds would be unlikely to produce such a configuration,
but a DD system could potentially eject enough mass
to large enough distances during the pre-supernova ac-
cretion phase (Kasen 2010) or during the merger itself
(Levanon & Soker 2017). A large mass of CSM would
likely have decelerated the ejecta below the velocities
we measure in §4, although an unshocked high-velocity
component could still persist.
A third possibility is that the bump arises from a bub-
ble of radioactive nickel that escaped most of the ejecta,
allowing it to radiate light away faster than the typ-
ical diffusion timescale. Piro & Morozova (2016) ex-
plored various nickel distributions and their effect on
early SN light curves. Shallow nickel distributions re-
sult in steeper, bluer early light curves. The early light
curves in Piro & Morozova (2016) that included both
CSM interaction and significant nickel mixing bear a
qualitative resemblance to the light curve of SN 2017cbv.
Likewise, Noebauer et al. (2017) find an early blue bump
in their sub-Chandrasekhar double-detonation model, in
which the initial helium detonation on the surface pro-
duces a small amount of radioactive material. We can-
not rule out these possibilities, but more detailed mod-
eling of this event in particular would be necessary to
distinguish them from the companion-shocking case.
6. SUMMARY
We have presented early photometry and spectroscopy
of the Type Ia SN 2017cbv, which was discovered within
∼1 day of explosion. Its light curve shows a conspicu-
ous blue excess during the first five days of observations.
We find a good fit between our UBVgri data and models
of binary companion shocking from Kasen (2010), but
the fit overpredicts the observed UV luminosity at early
times. This discrepancy might be due to several sim-
plifying assumptions in the models. Alternatively, the
excess emission could be due to interaction with CSM
or the presence of radioactive nickel in the outer ejecta.
We observe no indication of ejecta interaction with
hydrogen-rich material stripped from a companion star
in the spectra of SN 2017cbv. However, more deep op-
tical and near-infrared spectra out to the nebular phase
are needed to confirm this finding. Intriguingly, we do
detect unburned carbon in the earliest spectra at a level
rarely seen in normal SNe Ia. A connection between
an early light curve bump and the presence of unburned
carbon could provide an important clue about SN Ia pro-
genitors, but the scarcity of events with either of these
observations prevents us from drawing any conclusions
now.
Our analysis demonstrates the importance of (1) dis-
covering and announcing SNe as early as possible and (2)
obtaining extremely well-sampled follow-up light curves
and spectral series. The DLT40 survey and LCO follow-
up network are uniquely suited to find very young SNe
and follow them with sub-day cadence for long periods.
Such observations, which will become increasingly com-
mon in the coming years, greatly enhance our ability to
confront theoretical models.
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